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Abstract For more than 2,000 years, it was thought that 
malignant spirits caused diseases. By the end of nineteenth 
century, these beliefs were displaced by more modern 
concepts of disease, namely, the formulation of the "germ 
theory," which asserted that bacteria or other microorgan- 
isms caused disease. With the emergence of chronic 
degenerative and of autoimmune diseases in the last 
century, the causative role of microorganisms has been 
intensely debated; however, no clear explanatory models 
have been achieved. In this review, we examine the current 
available literature regarding the relationships between 
infections and 16 autoimmune diseases. We critically 
analyzed clinical, serological, and molecular associations, 
and reviewed experimental models of induction of and, 
alternatively, protection from autoimmune diseases by 
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infection. After reviewing several studies and reports, a 
clinical and experimental pattern emerges: Chronic and 
multiple infections with viruses, such as Epstein-Barr virus 
and cytomegalovirus, and bacteria, such as H. pylori, may, 
in susceptible individuals, play a role in the evolvement of 
autoimmune diseases. As the vast majority of infections 
pertain to our resident microbiota and endogenous retro- 
viruses and healthy carriage of infections is the rule, we 
propose to focus on understanding the mechanisms of this 
healthy carrier state and what changes its configurations to 
infectious syndromes, to the restoration of health, or to the 
sustaining of illness into a chronic state and/or autoimmune 
disease. It seems that in the development of this healthy 
carriage state, the infection or colonization in early stages 
of ontogenesis with key microorganisms, also called 'old 
friends' (lactobacilli, bifidobacteria among others), are 
important for the healthy living and for the protection from 
infectious and autoimmune syndromes. 

Keywords Infections • Autoimmune diseases • Chronic 
infection • Multiple infections ■ Old friends ■ Healthy carriage 



Introduction 

For more than 2,000 years, physicians believed that all 
diseases were caused by dyscrasia, i.e., the imbalance of 
body humors (blood, phlegm, black, and yellow bile). This 
medical belief dominated the medical thinking until the 
nineteenth century [1] when it was challenged by Rudolf 
Virchow's cellular pathology, which stated that diseases 
derived from perturbations in cellular behavior. Later on, 
Louis Pasteur's proposal of the germ theory and Robert 
Koch's postulates lead the medical and scientific commu- 
nities to accept the infectious origin of diseases. This 
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heralded a new period in medicine and biology: Hundreds 
of new diseases were described, and new techniques for 
diagnosis and treatment were developed. In parallel, the 
phenomena of immunity (capacity to resist infections) 
started to be systematically studied, hence, giving birth to 
immunology. With the introduction of basic sanitary 
systems and antibiotics, infection mortality decreased, and 
chronic degenerative diseases, namely, atherosclerosis, 
cancer, and autoimmune diseases, emerged as the leading 
cause of morbidity and mortality (at least in the Western 
world) [2]. These diseases have an inflammatory/immune 
basis, and the distinction of infectious diseases from 
inflammatory or autoimmune diseases is not clear-cut. 

It is well recognized that viral, bacterial, and parasite 
infections may be involved in the arousal, flare, and on the 
other hand, in the prevention of autoimmune diseases [3]. 
The purpose of this review is to examine the state-of-the-art 
research on the relationship between infections and auto- 
immune diseases. Herein, we examine clinical, serological, 
and molecular associations between infection and autoim- 
mune diseases. In addition, we review experimental models 
developed for the induction and protection from autoim- 
munity by infections. 



Rheumatoid Arthritis 

Clinical Associations with Infections 

The occurrence of rheumatoid arthritis (RA) has been 
associated with several infections, among them are 
Epstein-Barr virus (EBV), Parvo B19, and chronic hepatitis 
C [4, 5]. In earlier studies, patients with RA exhibited 
increased titers of anti-EBV nuclear antigen 2 antibodies 
and increased frequency of circulating EB V-infected B cells 
compared to the healthy controls [5]. More recently, they 
also have been shown to have a tenfold increase in EBV 
DNA load [6]. Several similarities exist between RA and 
Parvo B19 infection: Both states are characterized by a 
chronic course, morning stiffness, joint deformation and 
destruction, rheumatoid nodules, as well as by the induction 
of rheumatoid factor (RF) and of cytokines such as 
interleukin-6 (IL-6) and transforming growth factor- a 
(TGF-a). Cases have been reported of RA development 
after acute Parvo B 1 9 infection and of persistence of B 1 9 
RNA and of the VP-1 antigen in the synovial tissue of RA 
patients [7]. In a study on bone marrow samples from RA 
patients, 26% were positive for parvovirus B19, as 
compared to 4% in an historical control group of bone 
marrow [8]. Regarding bacterial infections, RA has been 
consistently associated with high titers of antibodies against 
Proteus mirabilis [9]. In a prospective study of 246 patients 
with recently diagnosed inflammatory arthritis, and fol- 



lowed for 1 year, patients' sera was tested against a panel of 
microorganisms {Proteus mirabilis, Escherichia coli, Chla- 
mydia trachomatis, Salmonella typhi, Shigella fexneri, 
Campylobacer jejune, Yersinia enterocolitica, and parvovi- 
rus B19). Almost half of the patients fulfilled the American 
College of Rheumatology criteria for RA, 17% fulfilled the 
European Spondyloarthropathy Study Group (ESSG) crite- 
ria for a spondyloarthropathy, and 37% had undifferentiated 
arthritis. IgM and IgA anti-Proteus mirabilis antibodies 
were significantly higher in patients positive for the RF, 
compared with all other patients groups (P<0.0005 and 
0.005). In addition, anti-is. coli IgM antibodies were also 
elevated in RF-positive RA patients, suggesting a role for P. 
mirabilis and E. coli infection in early seropositive RA 
[10]. 

Experimental Models of Induction by Infection 

SKG mice spontaneously develop T cell-mediated chronic 
autoimmune arthritis together with the production of 
several autoantibodies including RF and extra-articular 
lesions. These mice fail to develop arthritis in a microbially 
clean environment. However, a single intraperitoneal 
injection of zymosan, a crude yeast cell wall extract, can 
provoke severe arthritis, and |3-glucans, which are the main 
constituents of zymosan, are responsible for the arthrito- 
genic effect. Blockade of the major |3-glucan receptor is 
able to prevent SKG arthritis triggered by (3-glucans, and 
antibiotic treatment of fungi can prevent SKG arthritis in an 
arthritis-prone microbial environment [11]. 

The effect of microbial dose on collagen-induced 
arthritis (CIA) has been demonstrated regarding Mycobac- 
terium tuberculosis. CIA can be induced even in CIA- 
resistant H-2(b) background of C57BL/6 mice when these 
mice are immunized with CII emulsified in CFA containing 
a high but not low dose of M. tuberculosis [12]. This high 
dose of M. tuberculosis seems to be required for maturation 
of dendritic cells enough to prime CD4+ helper T cells 
specific to CII antigen in draining lymph nodes of H-2b 
background of C57BL/6 mice. Using Mycobacterium 
avium intradermal injection to induce arthritis, researchers 
have characterized the importance of the chemokine 
receptor 2 (CCR2) in the arthritis-prone DBAl/j CCR2- 
null mouse. This strain has increased susceptibility to 
autoimmune arthritis induced by immunization with colla- 
gen type II (CII) and complete Freund's adjuvant (CFA). 
After intradermal infection with M. avium, a similar arthritis 
phenotype was detected in CCR2-null mice in the DBA/lj 
but not in the BALB/c background. These findings 
demonstrate that the CCR2-null state in an arthritic-prone 
genetic background leads to increased arthritis susceptibil- 
ity after infectious (M. avium) and noninfectious (CII/CFA) 
challenges [13]. In an in vitro study on the effects of 
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Helicobacter pylori antigens on B lymphocytes cultures, 
autoantibodies, such as IgM RF, anti-single-stranded DNA 
and anti-phosphatidylcholine antibodies, were detected in 
the cultures' supernatant after the stimulation with H. pylori 
urease [14]. Thus, it seems that certain bacteria and fungi 
can activate arthritogenic T cells and evoke autoimmune 
arthritis in individuals who are genetically prone to produce 
arthritogenic autoimmune T cells. 

Experimental Models of Protection by Infection 

In a recent study on experimental arthritis, the administra- 
tion of a helminth extract prevented the development of 
inflammatory cell infiltration. This extract protected against 
the cartilage damage in the zymosan-arthritis model [15]. 
In another study, the oral administration of the viable 
bacterium Lactobacillus casei strain Shirota (LcS) to DBA/ 
1 mice reduced the incidence and the development of CII- 
induced arthritis and reduced the levels of specific anti- 
bodies to CII in serum compared with the control mice [16]. 
The administration of LcS also inhibited delayed-type 
hypersensitivity response to CII in DBA/1 mice immunized 
with CII and CFA and suppressed the Cll-specific secretion 
of interferon-gamma (INF-y) from splenocytes ex vivo. 
These results suggest that the oral administration of LcS is 
able to modify the humoral and cellular immune responses 
to CII, and these modifications could result in the reduction 
of the development of CIA in DBA/1 mice. 

Interestingly, the tolerogenic epitope of type II collagen 
(CII) is structurally mimicked by an epitope within the 
platelet aggregation-associated protein (PAAP) on Strepto- 
coccus sanguis. Feeding S. sanguis to DBA/1J pups 
delayed the onset of arthritis and reduced the rate, final 
severity, and percentage of affected limbs [17]. T cells 
primed with the tolerogenic epitope of CII proliferated 
more when incubated with PAAP(+) S. sanguis than with 
PAAP(-) S. gordonii or CII, suggesting an antigen-specific 
transmucosal tolerogenic effect. Therefore, in neonatal 
mice, bacterial surface antigens that mimic self can trans- 
mucosally stimulate antigen-specific inhibitory T cells. In 
adult mice immunized with CII, these antigen-specific 
inhibitory T cells manifest later as attenuated arthritis. The 
PAAP(+) S. sanguis appear to activate adult memory type II 
collagen-specific T cells, suggesting that systemic challenge 
with commensal self-mimicking microorganisms may per- 
petuate existing autoimmunity. 

Vaccination 

The inoculation of live attenuated vaccines has been 
associated with reactive arthritis and with RA in several 
reports. In systematic reviews, new onset or relapse of RA, 
reactive, and chronic arthritis have been associated with the 



following vaccines: hepatitis B, miniature mass radiography 
(MMR; predominantly rubella vaccination), tetanus, ty- 
phoid/parathyphoid, influenza, polio, varicella, bacillus 
Calmette-Guerin (BCG), DTP (diphtheria, tetanus, and 
pertussis), and anthrax [18-22]. 

Transient arthralgia, acute arthritis, and chronic arthritis 
have been well recognized since the introduction of the 
rubella vaccine in the late 1960s. Risk factors associated 
with these effects were female gender, older age, and 
possibly some HLA types. However, more recent studies 
failed to demonstrate an increased risk for chronic 
arthropathy after rubella vaccination [18] 



Multiple Sclerosis 

Clinical Associations with Infections 

Epidemiological studies have shown a significant higher 
prevalence of anti-EBV antibodies (100 vs 80-95%) and 
higher titers of anti-EBV viral capsid and anti-EBV nuclear 
antigen- 1 (EBNA-1) antibodies among MS patients com- 
pared to the controls [6]. In a more recent systematic review 
of case control studies comparing EBV seropositivity and 
the risk for MS, an odds ratio of 13.5 was found [6]. In two 
recent large-cohorts' retrospective studies, the strongest 
predictors of MS were serum levels of IgG antibodies to 
EBNA complex or EBNA-1 [23, 24]. Among individuals 
who later developed MS, serum antibody titers to EBNA 
complex were similar to those of controls before the age of 
20 years, but two- to threefold higher at age 25 years and 
older. The risk of MS increased according to the antibody 
titers; the relative risk was 9.4 in persons with high EBNA 
complex titers as compared to those with low titers. In 
longitudinal analyses, a fourfold increase in anti-EBNA 
complex or anti-EBNA- 1 titers during the follow-up was 
associated with a threefold increase in MS risk. These 
results suggest an age-dependent relationship between EBV 
infection and development of MS [24]. Additional works 
suggest that early-in-life infection with EBV, usually oligo 
or asymptomatic, has a protective effect as oppose to later- 
in-life infection, which is associated with an increased risk 
for the development of MS [25]. Earlier studies demon- 
strated that MS patients have defective T-cell control of 
EBV-infected B cells [6]. A more recent study showed an 
increased frequency of CD8+ T cells responding to two 
immunodominant EBV epitopes. In addition, the authors 
characterized T cell cross reactivity between EBV antigens 
and the myelin basic protein [6]. The higher titers of 
measles antibodies in MS patients raised the concern of a 
possible causal association. However, this concern abated 
after the introduction of the measles vaccine, which was 
followed by a sharp drop in the incidence of measles not 
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accompanied by a significant change in the incidence of 
MS [18]. 

In a recent meta-analysis, MS patients were found more 
likely to exhibit Chlamydophila pneumomiae (Cpn) DNA 
in cerebrospinal fluid (CSF); however, no serological 
association was found both for the sera and the CSF with 
antibodies against Cpn [26]. A provocative hypothesis on 
the association of malaria with the development of MS has 
been presented. It proposes that comparing the old map of 
malaria with the later distribution of MS (in USA and 
Europe) supports the assumption that an early infection 
with Plasmodium sp. in childhood prevents later MS 
disease, whereas a silent infection at the time of adoles- 
cence or later might be responsible for the development of 
MS [27]. 

Experimental Models of Induction by Infection 

The classical model for multiple sclerosis inducted by the 
Theiler's murine encephalomyelitis virus (TMEV) infection 
has recently been related to the upregulation of a particular 
chemokine (CXCL2) during this infection [28]. Using a 
transgenic TMEV coding a Haemophilus influenza peptide, 
which mimics myelin proteolipid protein (PLP), the authors 
showed a rapid-onset demyelinating disease in mice. The 
authors also showed the importance of second signals, such 
as virus-activated molecules, as the molecular mimicry 
induced disease only in the TMEV infection context and 
did not induce disease when PLP was administered with 
CFA [29]. In another recent work, researchers have shown 
that the prior well-resolved infection with lymphocytic 
choriomeningitis virus (LMCV) during the neonatal period, 
predisposes adult mice to severe encephalomyelitis caused 
by a second infection with the same virus, a mechanism 
proposed as viral "deja vu" [30]. In addition, transgenic 
animal models with the "insertion" of certain viral protein 
products have also been associated with the induction of 
multiple sclerosis [31]. Examining mimics of MS-related 
encephalitogenic peptides in all known human bacterial and 
viral peptides, homologies have been found in several 
organisms, predominantly in nonpathogenic gut bacteria. 
These suggest that the microorganism responsible for 
autoimmune activity in MS might be a normally occurring 
gut bacterium [32]. 

Experimental Models of Protection by Infection 

Comparing two mouse strains, one susceptible and the 
other resistant to encephalitis induced by infection with 
TMEV, it has been shown that CD4+ T cell numbers and 
reactivity to the virus capside peptide, were higher in the 
resistant strain, revealing the role of T CD4 cells in the viral 
clearance and protection from demyelinating disease [33]. 



Viral infection can prime T cells specific for central nervous 
system (CNS) antigens either through molecular mimicry 
with CNS proteins or through cytokine responses and 
bystander activation. In a murine model, mice infected with 
vaccinia virus encoding myelin protein developed clinical 
disease only after immune activation either with an 
unrelated virus such as murine cytomegalovirus or CFA, 
as opposed to challenge with LMCV, which suppressed 
autoimmunity [34]. In another murine model, an oral 
vaccine against diarrhea bacteria was capable of protecting 
mice from the establishment of experimental allergic 
encephalomyelitis (EAE) because of immunization with 
PLP peptide. The protection from disease was accompanied 
by increases in IL-4, IL-13, and IL-10 in lymphocytes 
culture supernatant, whereas a decrease in INF-y secreting 
cells was demonstrated in the nonvaccinated mice [35]. 
Interestingly, amelioration of EAE has been reported after 
experimental infection with M. bovis strain BCG [36]. 

Vaccination 

The association of MS and hepatitis B vaccination was first 
reported in France after the introduction of the recombinant 
vaccine. MS developed in 35 women who were later found 
to overrepresent the HLA-DR2 antigen and to have a strong 
family history of MS. More recently, in three large-scale 
case control studies, no evidence for HBV vaccination on 
the development of MS was found [18]. 



Type 1 Diabetes Mellitus 

Clinical Associations with Infections 

Several viruses have been proposed to be associated with 
type 1 diabetes mellitus (T1DM) such as rubella, coxsack- 
ievirus B (Cox B) [37], rota, mumps, and cytomegalovirus 
(CMV) [38]. Patients with congenital rubella syndrome 
have a high incidence of T1D (12-20%), and 50-80% 
exhibit anti-islet and anti-insulin antibodies, suggesting a 
possible role for the rubella virus in T1D. Cross-reactivity 
has been demonstrated between rubella capsid protein and 
extracts from human and rat pancreatic islets, and T cells 
from T1D cross-react with epitopes from rubella viral 
proteins and the (3 cell isoform of GAD [39]. Regarding the 
role of Cox B, epidemiological studies revealed conflicting 
results on the frequency of anti-Cox B antibodies in newly 
diagnosed T1D children as compared to nondiabetic 
controls [39] Several authors have isolated Cox B4 and 
Cox B5 viruses from the pancreas of patients with acute 
onset T1D, which could induce diabetes in susceptible 
mice, providing direct evidence for the involvement of Cox 
B infection in the development of T1D. Sequence homol- 
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ogy between P-2C, a noncapsid protein of Cox B4 virus 
and GAD (which is expressed by beta cells), has been 
described [39], and antibodies reacting to P-2C and GAD 
have been detected in T1D patients, providing a mechanism 
for Cox B4 involvement in the induction of T1D [39]. 
Despite the aforementioned data, other studies reported 
conflicting results, and no consensus has yet been achieved 
on the role of these infections on T1D [37]. Interestingly, 
children evaluated for multiple infections history (morbilli, 
parotitis, rubella, pertussis, or varicella) exhibited a higher 
risk for T1D [40]. 

Experimental Models of Induction by Infection 

In animal models, T1D can be induced by viruses either 
directly through the selective infection of pancreatic cells 
(rubella and Cox B4 viruses) or indirectly through 
autoimmune responses against |3 -cells elicited by viruses 
such as the Kilham rat virus. This last has been shown to 
activate macrophages to secrete inflammatory cytokines 
that up-regulate autoreactive CD8+ T cells and Thl type 
CD4+ T cells, thereby, favoring autoimmunity [39] 

Transgenic animal models with the insertion of certain 
viral protein products have been associated with the 
induction of T1DM [31]. In the NOD mice model, 
lymphocyte proliferation after lymphocyte loss (known as 
homeostatic proliferation), occurs as oligoclonal expan- 
sions, which are highly associated with disease. There is a 
well-known association of lymphopenia with autoimmune 
diseases and also with viral infections [41]. Using a 
transgenic mouse model of diabetes, which express lym- 
phocytic choriomeningitis virus glycoprotein (LMCV-gp) 
in pancreatic beta cells and where the animals develop 
diabetes upon infection with LMCV or gp immunization, 
the authors characterized the importance of the affinity of 
TCR and its ligands, as well as the key role of a regulatory 
molecule, Cbl-b, in induction of T1DM, providing an 
interesting model to show that the multifactors are involved 
in overt experimental disease [42]. 

Experimental Models of Protections by Infection 

Several viruses, among them the LCMV and the mouse 
hepatitis virus, have been shown to protect against the 
development of T1D in susceptible rats (BB) and NOD 
mice [39]. A more complex relationship exists between 
T1DM and Coxsackie B4 (Cox B) infection. On the one 
hand, Cox B induces disease only if there is a prior level of 
insulitis. On the other hand, in the absence of this minimum 
threshold, it protects against diabetes [43]. Similarly, the 
encephalomyocarditis virus, which is diabetogenic in some 
mice strains, prevents T1D in NOD mice [39]. Prevention 
of T1D is postulated to involve induction of T-helper 2 



immune responses or deletion of effector cells. Another 
example of protection from T1D by infection come from 
studies showing that activation of toll-like receptors 
through microbial elements protects NOD mice from 
diabetes, corroborating the hygiene hypothesis and suggest- 
ing a protective role of infections against autoimmune 
diseases [44]. Very recently, it was shown that the 
experimental infection with Salmonella typhimurium is 
able to prevent NOD mice from developing diabetes, even 
after the induction of the disease with cyclophosphamide 
[45]. A similar inhibitory effect was also demonstrated with 
helminth infection [46]. 

Vaccination 

The increasing incidence of T1D around the world raised 
the concern of a potential role for vaccination as an inciting 
event. Although one case-control study suggested that early 
vaccination with Hemophylus influenza B could be associ- 
ated with an increased incidence of T1D, a large-scale 
cohort study that followed 10,000 Finnish children over a 
10-year period, found no increased incidence and no 
vaccination-age association [18]. 



Systemic Lupus Erythematosus 

Clinical Associations with Infections 

Studies suggest that systemic lupus erythematosus (SLE) 
patients have unusual immune responses to EBV. Analyses 
of large cohorts of apparently healthy individuals have 
revealed that the development of SLE is preceded by 
abnormal antibody responses and the appearance of anti- 
Sm and anti-60 kD Ro autoantibodies years before clinical 
disease [47, 48]. These first lupus-specific autoantibodies 
arise from particular antibodies directed against EBNA-1. 
In addition, several recent papers have demonstrated 
increased viral load, increased numbers of latently infected 
peripheral B cells, impaired functional T cell responses, and 
association of the presence of EBV DNA in SLE patients 
compared with the controls [47-49]. Other authors repro- 
duced similar finding, proposing other associations related 
to age, gender, anti-EBV immunoglobulin isotype, and 
CTLA-4 allelic variation [50]. Furthermore, a positive 
association has been demonstrated between levels of IgA 
anti-EBV antibodies and disease activity [51]. 

SLE and infectious mononucleosis patients exhibit the 
same patterns of immunoglobulin gene usage, with common 
oligoclonal B cells responses. After EBV infection, the 
expression of these B cell receptors is specifically censored, 
restoring equilibrium. The continuing high levels in SLE 
might arise from disordered regulation or chronic reactivation 
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of EBV [52]. Another current view is that normal immunity 
is perturbed by EBV infection and the generation of anti- 
EBNA-1 antibodies. Those particular anti-EBNA-1 anti- 
bodies that also bind lupus-specific autoantigens (Sm or Ro) 
are followed by the development of more complex autoim- 
mune responses, culminating in clinical disease [47, 48]. 

Another notable association is the development of SLE 
in patients with HCVand Parvo B19 infection [7]. Attempts 
to associate parvovirus B19 to SLE have been frustrated 
[53]; however, acute infections with parvovirus 19 has been 
associated with disease flare-up [54, 55]. Several similar- 
ities can be found between the features of SLE and acute 
Parvo B19 infection, including malar rash, arthralgia and 
arthritis, fever, fatigue, lymphadenopathy, as well as 
serological markers. The chronic course of SLE as opposed 
to the self-limited presentation of parvo BIO infection 
distinguishes these two diseases. Regarding CMV, in a 
study of 22 female patients with SLE, evaluating the 
presence and quantity of human CMV genome, the authors 
found the virus genome in 100% of the patients, whereas it 
was present only in 73% of 15 healthy female controls (p= 
0.02) [56]. The cumulative evidence for a causal effect of 
infections on SLE remains to be proved, with the exception 
of the aforementioned extensive data regarding EBV. 
Experimental models of induction by infection 

It was recently shown that the EBV latent membrane 
protein 2A, which effects development and activation of B 
cells, induces hypersensitivity of Toll-like receptor (TLR) 
stimulation in B cells. B cells are known bearers of TLRs, and 
this might suggest a mechanistic link between EBV infection 
and SLE [57]. A study showed that immunization with the 
structural CMV pp65 antigen, induced lupus-associated 
autoantibodies and severe glomerulonephritis [58]. 

Experimental Models of Protection by Infection 

One study reported that idiotypic -induced experimental lupus 
ameliorated the disease severity with the infection with BM5 
murine leukemia virus (MuLV) [59]. This model explores 
the possible interaction between SLE and retroviral infection, 
as HIV infection has been cogitated to have a beneficial 
immunological impact over disease activity of SLE [59]. 

Vaccination 



Atherosclerosis 

Clinical Associations with Infections 

Atherosclerosis bears an inflammatory/immune basis and 
affects up to 20% of the developed world population. The 
first infection to be associated to atherosclerosis was 
Chlamydophila pneumoniae (formerly known as Chlamyd- 
ia pneumoniae). In retrospective studies, a positive associ- 
ation was found between antibodies against this pathogen 
and documented atherosclerosis [62], but more recent meta- 
analysis have not confirmed it [63]. Similar conflicting 
results have been reported for the association with CMV 
[64]. One association that has been consistent in the 
literature is with periodontitis, which has an important 
infectious component. Certain periodontal microorganisms, 
such as Campylobacter rectus and Peptostreptococcus 
micros, are associated to higher degrees of carotid intima- 
medial wall thickness, an ultrasonographic measure of 
atherosclerosis [65]. Porphyromonas gengivalis, a promi- 
nent component of oral flora, has also been implicated in 
atherosclerosis (see below). Other microorganisms, such as 
H. pylori, herpes simplex virus, hepatitis A, mycoplasma, 
influenza virus, and other members of the herpes family 
have been associated to atherosclerosis but with weaker 
associations [66]. 

Experimental Models of Induction by Infection 

Molecular mimicry has been found between CMV proteins 
and with heat shock protein 60, an important antigen in the 
atherosclerotic process [67]. Accordingly, the experimental 
infection with murine cytomegalovirus (MCMV) and even 
after its inactivation aggravates atherosclerosis in a mouse 
model [68]. In line with the data linking periodontitis with 
atherosclerosis, P. gingivalis infection has been shown to 
accelerate atherosclerosis in Apo E null mice [69]. 

Experimental Models of Protection by Infection 

In line with more recent epidemiological data, experimental 
Chlamydia pneumoniae infection has not been shown to 
aggravate atherosclerosis in wild-type neither in Apo E null 
mice [70]. Similarly, pneumococcal immunization has been 
found to decrease atherosclerosis in a mouse model [71]. 



Although the induction of experimental SLE has been 
reported in mice treated with pristane [60] and other 
hydrocarbon oil adjuvant used in vaccines [61], recent case 
control studies on SLE patients failed to demonstrate a role 
for HBV vaccination on disease development or for 
influenza vaccination on disease activity or antibody 
production [18]. 



Antiphospholipid Syndrome 

Clinical Associations with Infections 

Antiphospholipid antibodies are clearly associated with 
several infections, ranging from viral, bacterial, and 
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parasitic infections. In a recent work, the main infections 
and agents associated to antiphospholipid syndrome (APS) 
were skin infection, representing 18% of the total; HIV 
(17%); pneumonia (14%); hepatitis C (13%); and urinary 
tract infection (10%)[63, 72], Associations have also been 
reported between APS and chronic HCV infection [4], 
CMV [73], EBV [74], mycoplasma, pulmonary tuberculo- 
sis, malaria, P. carinii, and leptospirosis [3]. One work has 
showed the increased prevalence of anticardiolpin anti- 
bodies from the IgA isotype in patients with HTLV-1- 
associated spastic paraparesis [75]. 

In the APS, our group and others have demonstrated 
homology between (32 glycoprotein I ((32GPI) and several 
microbial proteins. After identifying relevant epitopes in the 
(32GPI molecule, our group searched homologies between 
these peptides and several microbial proteins in the Swiss 
Protein database, linking through molecular mimicry a wide 
range of infections and this autoimmune disease [76]. More 
recently, our group has shown the overlapping pattern of 
antibodies in the sera of rheumatic fever and APS patients, 
showing anti- |32GPI titers and functional activity in both 
groups of patients, as well as anti-protein M titers in APS 
patients, providing data-linking streptococcal-induced auto- 
immunity and the commonalities of APS and RF, like the 
heart valve and the CNS involvement [77]. 

Regarding the catastrophic antiphospholipid syndrome, 
infection as a triggering factor has been identified in up to 
24% of patients [78], being an important cause of death in 
this subset of patients [79]. Although a clear relationship 
between anti-phospholipid antibodies and infections exists, 
no particular microorganism has been consistently found be 
involved in the disease pathogenesis. 

Experimental Models of Induction by Infection 

Through immunization of mice with bacterial and viral 
peptides, which share homology with (32 domain, raised 
titers of anti-cardiolipin and anti-|32GPI have been docu- 
mented [80]. 

Experimental Models of Protection by Infection 

To date, no study has been published demonstrating a 
protective role of infections on the APS. 



myopahty was in 2 out of 180 individuals [4]. Serological 
association with Cox virus (A7, B3, and B4) has been 
reported in PM and DM patients, raising concern to this 
agent in this group of diseases [82]. In a recent cohort study 
of juvenile DM, no significant serological or molecular 
correlations were demonstrated with parvovirus B19 [83]. 

Experimental Models of Induction by Infection 

The main experimental model of PM is the chronic 
inflammatory myositis induced by Coxs Bl Tucson, in 
which viral epitopes have recently been characterized [84]. 
In mice experimental infection with the Ross River virus is 
also able to induce arthritis and myositis [85]. The 
experimental infection with Trypanosoma cruzi induces 
myocarditis and myositis, and the multiple infections with 
different strains of this protozoan are able to exacerbate the 
inflammatory muscular disease [86]. 

Experimental Models of Protection by Infection 

To our best knowledge, no experimental models regarding 
protection of PM/DM by infection has been published. 

Vaccination 

BCG vaccination has been associated to the development of 
dermatomyositis in three case reports [22]. 



Systemic Sclerosis 

Clinical Associations with Infections 

An increased occurrence of parvovirus B 1 9 DNA in skin 
biopsy samples of systemic sclerosis (SSc) patients has 
been recently reported as compared to healthy controls, 
particularly for the gene component VP 1 , which was found 
in 75% of SSc patients against 53% [87]. Regarding EBV 
antibodies, no significant differences have been found 
between SSc patients and healthy individuals [5], as 
opposed to raised titers of antibodies to CMV matrix 
protein UL83CMV and to H. pylori found in the sera of SSc 
patients as compared to the controls [88, 89]. 



Polymyositis PM/Dermatomyositis 

Clinical Associations with Infections 

As recently reviewed, PM is more consistently associated to 
parvovirus B19, HIV, and HTLV-1 [81]. In a cohort of 
chronic hepatitis C patients, the occurrence of inflammatory 



Experimental Models of Induction by Infection 

Using a library of random peptides and pooled IgG from 90 
patients with diffuse and limited SSc, a peptide was 
identified that reacted with 93% of the IgG sera. Using a 
database of protein sequences, the authors observed a high 
homology of this peptide with autoantigens, such as 
ribonucleoprotein RNP, filarin, cytocrome C, and with the 



290 



Clinic Rev Allerg Immunol (2008) 34:283-299 



protein UL94 from CMV [90]. Furthermore, the reacting 
antibodies induced apoptosis in human endothelial cells 
culture (HUVEC). Thus, a possible role for CMV infection 
is proposed in the induction of autoantibodies capable of 
inducing apoptosis of endothelial cells, at least in vitro, in SSc 
[90]. The mechanisms of endothelial cell damage regarding 
Ssc and atherosclerosis have been recently reviewed [67]. In 
mice, experimental Mycoplasma hominis infection is able to 
induce autoantibodies associated with SSc [91]. 

Experimental Models of Protection by Infection 

No experimental models have been published. 



Primary Vasculitis 

Primary vasculitis (or vasculitides) is a heterogeneous group 
of diseases characterized by inflammation of the blood vessel 
wall, encompassing several disorders according to the size of 
the affected vessel: Takayasu's arteritis and giant cell arteritis 
(predominantly large vessels), Kawasaki syndrome and 
polyarteritis nodosa (PAN; predomominantly medium ves- 
sels), and Wegener's granulomatosis, microscopic polyangii- 
tis, Churg-Strauss syndrome, Henoch-Schonlein purpura, 
essential cryoglobulinemia, and cutaneous leukocytoclastic 
angiitis (predominantly small vessels). Secondary vasculitis 
are associated with a wide range of viral (hepatitis C and B), 
bacterial (staphylococcus, ricketsia), fungal, and parasitic 
infections. The group of vasculitis with an unexplained 
etiology, which is believed to be autoimmune, is called 
primary, and its relationships with infections are our main 
interest. A excellent review on the subject have recently been 
published [92]. 

Clinical Associations with Infections 

A notable association is the infection by HCV in patients 
with mixed cryoglobulinemia and other vasculidities [4]. In 
a small series of 13 vasculitis patients, no significant 
serological correlations were found with parvovirus B19 
and V9 erythrovirus [93]. Chlamydia pneumonia, parvovi- 
rus B 19, and human herpes virus have been suggested to be 
associated to giant cell arteritis; however, this has not been 
reproduced [94]. To date, no specific pathogen has been 
proposed to explain Takayasu's arteritis pathophysiology. 
The first pathogen associated with PAN was hepatitis B 
virus. After the widespread availability of HBV vaccina- 
tion, this association has substantially decreased. Besides 
HBV, HCV, and HIV have also been found in patients with 
PAN, and several reports suggest that certain bacterial 
infections, such as Streptococcus sp., Klebsiella sp, Pseu- 
domonas sp., and Yersinia sp., may also be associated [92]. 



Regarding Wegener's granulomatosis, inconsistent associa- 
tions with parvovirus B19, CMV, and in particular, with S. 
aureus have been reported [92]. Kawasaki disease has not 
been consistently associated to a particular infectious agent, 
although association have been reported with Coxiella 
burnetti, EBV, HIV, B19, varicella zoster virus(VZV), 
dengue virus, and M. pneumoniae [92]. Recently, a 
controversy regarding the novel human corona virus (HN- 
CoV) and Kawasaki disease is taking place in the literature 
[95]. Beceht's disease exhibits the same scientific status of 
other primary vasculitis: no consistent associations, al- 
though the reported ones include, herpes simplex virus 
(HSV), HCV, B19, S. sanguis, C. pneumoniae, and HIV 
[92]. A quite long list of microorganisms has been 
associated to Henoch-Schonlein purpura, which comprises 
Streptococcus sp, M. pneumoniae, Yersinia sp., Legionella, 
H. pylori, HBV, HBV, VZV, adenovirus, CMV, B19, and M 
tuberculosis. Recentlty, Bartonella hensea have been 
serologically associated to this disease but without inde- 
pendent confirmation yet [96]. 

Experimental Models of Induction by Infection 

Transgenic mice deficient for INF-y or INF-y receptor, 
upon experimental infection with murine gamma-herpesvirus 
68 (gammaHV68) after a latency period, develop large-cell 
vasculitis. The same authors characterized the importance of 
IFN-y in controlling the reactivation of the gamma-HV68 in 
mice [97]. In another model, the intraperitoneal injection of 
Candida albicans water soluble fraction prepared from C. 
albicans culture supernatant was able to induce coronary 
arteritis, a hallmark of Kawasaki disease, and has been 
related to complement activation by the lectin pathway [98]. 
In a model of the central nervous system, vasculitis induced 
by intrathecal injection of Streptococcus pneumoniae type 3 
isolated from a patient with meningoencephalitis, it was 
shown that the deletion of TGF receptor II in polymorpho- 
nuclears favored bacterial clearance and prevents subsequent 
cerebral vasculitis [99]. Finally, LPS has recently been 
shown to aggravate destructive inflammation in a small 
vessel vasculitis (glomerulonephritis) model induced by anti- 
myeloperoxidase antibody [100]. 

Experimental Models of Protection by Infection 

To date, no experimental models characterizing a protective 
role of infections in vasculitis have been reported. 

Vaccination 

In selected cases, vaccination with HBV, mumps, measles, 
influenza, and varicella has been associated to primary 
vasculitis [18]. 
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Sjogren's Syndrome 

Clinical Associations with Infections 

Sjogren's syndrome (SSj) occurrence has been reported in 
chronic hepatitis patients [4]. Coxsackievirus' RNA was 
found in salivary biopsies of patients with SSj in increased 
frequency when compared to the healthy controls; however, 
this finding has not been confirmed by other authors [101]. 
Regarding EBV, SSj patients exhibit significantly higher 
titers of IgG to EBNA 2 compared to the healthy controls 
and are associated with pulmonary involvement [5]. 

Experimental Models of Induction by Infection 

Using a transgenic strain of B6-Lpr/lpr deficient for fas 
(CD95), and important protein in apoptosis induction, 
authors have shown that the infection with murine CMV 
induced a chronic sialadenitis resembling SSj [102]. 
Similarly, the infection of LP-BM5 murine leukemia virus, 
inducer of a murine severe immunodeficiency termed 
murine AIDS, is also able to generate a sialadenitis 
resembling SSj and also an exocrine pancreatitis, which 
might provide a model for evaluating the association 
between SSj and type 1 diabetes [103]. 



Experimental Models of Induction by Infection 

An important role of both Thl and Th2 cytokines has been 
demonstrated for the development of hyperthyroidism 
through infection with a transgenic adenovirus bearing 
thyroid-stimulating hormone (TSH) receptor, reviewing the 
notion that this disease might solely depend upon Thl 
cytokines [109]. The same group has recently shown the 
importance of CD25 + CD4 + regulatory T cells (Tregs) in this 
disease through depletion of Tregs caused enhancement of 
disease severity [110]. It has been shown that Hashimoto's 
thyroiditis exhibit thyrocytes with overexpressed Toll like 
receptor 3 (TLR3), an important receptor for pathogen 
associated molecular patterns (PAMPs) such as dsRNA. It 
has also been shown that infection with Influenza virus, a 
single strand RNA virus, is an activator of TLR3 dependent 
cascades in murine thyrocytes culture, linking the innate 
immune response observed in Hashimoto's thyroiditis and 
infectious stimuli like influenza A virus [111]. 

Experimental Models of Protections by Infection 

Schistosoma mansoni experimental infection protected 
mice from experimental Graves' disease induced by 
transgenic adenovirus bearing THS receptor [112]. 



Experimental Models of Protection by Infection 

To our best knowledge, no experimental models have been 
reported regarding protection of SSj by infection. 



Autoimmune Thyroid Diseases 

Clinical Associations with Infections 

The infection by Yersinia enterocolitica has been hypoth- 
esized to be linked to autoimmune thyroid diseases, both 
Graves' and Hashimoto's diseases [104]; however, 
conflicting data regarding the high prevalence of this 
infection in the healthy population weakens this hypothesis 
[105, 106]. The efforts to associate Graves' and Hashimo- 
to's thyroiditis to retroviruses have generated conflicting 
data: They have been observed in chronic HCV infection 
and more consistently with IFN-ot treatment [107]. Recent 
data point to a prominent role of IFN-a therapy in the 
induction of thyroid autoimmunity in association to HCV 
infection [108]. Also, subclinical hypothyroidism has been 
observed in individuals with HIV infection, particularly 
those under highly active retroviral therapy, but no thyroid 
autoimmunity has been detected in these patients [108]. 



Myocarditis, Dilated Cardiomyopahty, and Chagas's 
Disease 

One of the most studied cases of autoimmunity and parasitic 
infection is Chagas' disease chronic cardiomyopathy (CMP), 
in which infection by T. cruzi is believed to induce, through 
several mechanisms of inflammatory and autoimmune 
response, damage to the heart. This process in the long-term 
leads the infected patient to a syndrome of dilated CMP and 
heart failure provoked by antibodies and T cells directed 
toward heart proteins, which has been shown to share 
degrees of homology with T. cruzi proteins [113]. 

Clinical Associations with Infections 

Several infectious agents have been serologically and 
molecularly associated with myocarditis and dilated CMP, 
with a high variability of results according to the author. 
The microorganisms reported include parvovirus B19, Cox 
B, CMV, EBV, adenovirus, influenza, HBV, HCV, poliovi- 
rus, mumps, HIV, respiratory syncytial virus, varicella, 
streptococcus, tuberculosis, staphylococcus, toxoplasma, 
Plasmodium, B. burgdoferi, syphilis, and leptospirosis 
[114]. More recently, an isolated case of a patient with 
myopericarditis and Campylobacter sp. enteritis has been 
reported [115]. 
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Experimental Models of Induction by Infection 

Several mouse models demonstrate the role of Cox B3- 
inducing myocarditis [116], including transgenic animal 
models [117]. It has been shown that the stimulation of toll- 
like receptor 4 favors the overture of myocarditis induced 
by Cox B in a model where the transgenic expression of 
TGF-|3 in the pancreas initially protected mice from 
develop myocarditis, reinforcing the multiple steps in 
disease induction [118]. Also, the occurrence of myocardi- 
tis with the experimental infection with MCMV and 
encephalomyocarditis virus has been reported [119]. 

Experimental Models of Protection by Infection 

A number of studies show the protection from myocarditis 
induced by infection in experimental models through 
dissecting activation cascades with transgenic mice. How- 
ever, to date, no models were found regarding the 
amelioration of myocarditis by infection. 

Vaccination 

After smallpox vaccination, myopericarditid has been 
reported at an incidence of 7.8 cases per 100,000 in the 
30 days after vaccination, a rate of 3.6% higher than the 
expected, suggesting a causal relationship [18]. 



been shown to occur at increased rates in patients with CD 
[124]. Very recently, molecular mimicry between MAP 
proteins and self-peptides has been characterized: Cross- 
reactivity between MAP proteins and a self-peptide 
gastrointestinal glutathion peroxidase has been reported in 
30% of the evaluated patients, proposing a novel autoan- 
tigen in this disease [125]. Infection with other micro- 
organisms such as Clostridium difficile, CMV, and 
Entamoeba hystolitica might also be associated with IBD 
[126]. Interestingly, it has been observed that appendecto- 
my because of appendicitis (not incidental) decreases risk 
for UC, but it might increase the risk for the development 
of CD [126]. As recently reviewed, the manipulation of 
intestinal flora in patients with IBD through the adminis- 
tration of probiotics, i.e., Lactobacilli and Bifidobacteria 
among others, is a promising field with current clinical 
trials investigating it [127]. 

Experimental Models of Induction by Infection 

It has been shown that intestinal flora is a requirement for 
the development of IBD in IL-10 deficient mice, as germ- 
free counterpart mice are resistant to the disease. Interest- 
ingly, the monocolonization of given bacterial species is 
also not sufficient for the overture of enterocolitis [128]. 

Experimental Models of Protection by Infection 



Inflammatory Bowel Disease 

Inflammatory bowel disease (IBD) encompass a group of 
diseases of autoimmune pathophysiology that includes 
mainly Crohn's disease (CD) and ulcerative colitis (UC). 
Both are associated with several infectious agents, and their 
development has been related to changes in the intestinal 
resident microflora. 

Clinical Associations with Infections 

IBD has a marked geographic variation, with increased 
rates in high-socioeconomic-status individuals, who exhibit 
the lowest enteric infection rates, and an association with 
the highest rates of multiple sclerosis [120]. An association 
has been reported for H. pylori, with a particular form of 
CD, the ulcerative colitis-like form, through a PCR method, 
but a negative association was found with the other forms 
of CD [121]. Interestingly, IBD patients were found to have 
lower levels of antibodies against H. pylori in comparison 
to healthy matched controls [122]. In established CD and 
UC, after 6-13 years of follow-up, patients are seropositive 
for Yersinia enterocolitica infection [123]. Also, infection 
with Mycobacterium avium paratuberculosis (MAP) has 



The infection with Schistosoma mansoni or even the 
administration of its egg has a beneficial role in preventing 
the colitis provoked by direct intrarectal administration of 
tri/di-nitrobenzene sulphonic acid (DNBS) [129]; the same 
beneficial effect has been shown for tapeworm, Hymenole- 
pis diminuta, in another experimental model of colitis 
induced by DNBS, and this effect was dependent on IL-10 
[130]. Also, the oral administration of Trichuris sui ova to 
patients with UC was associated with no side effects and 
clinical efficacy [131]. Regarding probiotics, the adminis- 
tration of Lactobacillus and Bifidobacterium sp. was able to 
prevent the development of spontaneous colitis in IL-10- 
deficient mice [128]. 



Autoimmune Thrombocytopenic Purpura ITP 

Clinical Associations with Infections 

Several authors have suggested that persistent infections 
with HIV, HCV, and H. pylori, are associated with ITP, and 
several studies have demonstrated improvement of platelet 
counts with suppression or eradication of infection, sug- 
gesting a role of persistent antigen exposure to the 
pathogenesis of ITP [132]. In HIV-infected patients, 
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immune platelet destruction has been shown to be associ- 
ated with the presence of a cross-reactive antibody, 
recognizing both the conformational structure of HlV-gp- 
120 and platelet gpllla (CD61) [132]. The role of//, pylori 
infection on the development or persistence of ITP and its 
eradication on platelet counts emerged from several small 
studies and from prospective clinical trials [133, 134]. 
Cross-reactivity between platelet-associated IgG and H. 
pylori Cag protein suggests that molecular mimicry may 
play a key role in the pathogenesis of a subset of ITP 
patients [132]. 

Experimental Models of Induction by Infection 

The experimental infection with lactate dehydrogenase- 
elevating virus in mice treated with monoclonal autoanti- 
bodies against platelet, in smaller doses than those to 
induce disease, was found to be the trigger for the 
development of severe thrombocytopenia. The authors 
further characterized the importance of phagocytosis and 
INF-y for the overture of this disease [135]. Recently, using 
a phage display library screening from antibodies against 
glycoprotein Ilia (autoantigen from platelets) of patients 
with HIV infection and thrombocytopenia, the authors 
showed that part of the peptides rescued by the antibodies 
from the phage display library shared a high homology with 
HIV-1 proteins, which also were shown to inhibit the anti- 
platelet antibody toxic effect to platelets in vitro [136]. 

Experimental Models of Protection by Infection 

No models have been published in this experimental 
scenario. 

Vaccination 

Vaccination with HBV and MMR has been associated with 
ITP. Acute ITP developed shortly after MMR vaccination in 
23 of -700,000 Finnish children, which together with multiple 
case reports, led to the establishment of causality [18]. 



Guillain-Barre Syndrome 

Clinical Associations with Infections 



1.7:1,000, a rate 77 greater than for the general population 
[138]. The association between GBS and H. pylori infection 
has also been reported [139]. 

Experimental Models of Induction by Infection 

In susceptible mice, immunization with Brucela melitensis 
induced anti-gangliosides antibodies along with flaccid 
limb weakness. Importantly, these clinical and serological 
effects were enhanced when compared to mice immunized 
with C. jejuni [140]. In addition, C. jejuni specific genes for 
the glycosilation of lipo-oligosacharides have been shown 
to play an important role in the induction of anti-ganglio- 
sides antibodies through molecular mimicry. As the 
immunization with transgenic C. jejuni deficient for these 
genes generated smaller titers of anti-ganglioside antibodies 
and less weakness in mice, it characterized the importance 
of those bacterial structures in the induction of pathogenic 
antibodies [141]. 

Experimental Models of Protection by Infection 

To our best knowledge, no experimental models of 
protection by infection have been published to date. 

Vaccination 

The association of influenza vaccination with GBS was 
documented after the mass inoculation in the USA with the 
"swine flu" A/New Jersey/8/76 vaccine in 1976-1977. 
Recipients of this specific vaccine had a relative risk of 7.6 
for developing GBS, and an excess of nine cases per 
million was confirmed [18]. In a more recent study from the 
Vaccine Adverse Events Reporting System, which exam- 
ined all cases of GBS between the years 1991-1999, the 
relative risk for GBS after influenza vaccination was 4.3 
and, for severe GBS, 8.5, compared to adult tetanus- 
diphteria vaccine control group, suggesting a causal 
association [142]. Less strong is the case for the association 
of GBS and oral polio vaccine. A nationwide vaccination 
campaign in Finland was associated with a rise in GBS 
cases; however, some evidence suggested that the initial 
increase in cases preceded the campaign, and an additional 
study failed to support this association [18]. 



This polyradicular neuropathy has been associated in a 
more consistent way to Campylobacter jejuni, Haemophilus 
influenza, HIV, and CMV, and it has also been reported less 
strongly to EBV and M. pneumoniae [137]. Although the 
association between C. jejuni and Guillain-Barre Syndrome 
(GBS) has been well documented, the latest estimated 
incidence of GBS in patients with C. jejuni enteritis is 



Post-Streptococcal Syndromes: Rheumatic Fever 
and PANDAS 

Rheumatic Fever 

The prototypical autoimmune disease induced by a bacterial 
infection is rheumatic heart disease (RHD), which occurs 
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approximately in 1.2% of children after oro-pharyngeal 
infection with |3 -hemolytic group A streptococci. Certain 
class I and II HLA haplotypes have been implicated in the 
pathogenesis of RHD, which has been shown to involve 
humoral and cellular immunological components [143]. 
Molecular mimicry has been proposed to be responsible for 
the pathogenesis of the disease, which also shows a 
degenerate pattern of TCR recognition, as T cell clones 
infiltrating the heart of patients also responded to M protein 
when subjected to lymphoproliferative tests [144]. In 
addition, RHD has been induced by immunization with 
the M protein from group A streptococci [145]. Interest- 
ingly, abrogation of the disease was achieved through 
intranasal administration of protein M epitopes [146]. 

Pediatric Autoimmune Neuropsychiatric Disorders 

Recently, a wide spectrum "pediatric autoimmune neuro- 
psychiatric disorders" (PANDAS) has been described as 
associated with streptococcal infection that can present 
clinically from Tourette's syndrome to chorea. PANDAS is 
related, at least epidemiologically, to group A streptococci 
infection [147], and clearance of serum IgG through 
plasmapheresis and IVIG reposition has been associated 
with a remarkable clinical improvement of PANDAS [148]. 
Anti-basal ganglia antibodies are associated with this 
disease [149]. 

The Global Picture 

In the process of reviewing the literature on the association 
of infections and autoimmune diseases, a pattern of clinical 
associations emerges: chronic viral infections, such as EBV 
and CMV, and chronic bacterial infections, like H. pylori, 
are more frequently associated to multiple autoimmune 
diseases and, indeed, have experimental models confirming 
their association with induction of autoimmunity. More 
recently, the disease overture has been found to rely on 
multiple steps of induction, be it viral persistence, chronic 
infection of B cells, or viral deja vus. 

Several mechanisms have been proposed for the role of 
infectious agents on the induction of autoimmune diseases. 
Molecular mimicry or structural homologies between 
infectious and host components, underlies the patho- 
mechanism in rheumatic fever, where the M component of 
the streptococcus membrane share homologies with heart, 
brain, and joint synovium peptides. In susceptible individ- 
uals, this molecular mimicry modifies lymphocytes reac- 
tivity in a progressive and chronic fashion that ultimately 
lead to autoimmune disease. Molecular mimicry is consid- 
ered a putative mechanism also in GBS, APS, and MS. 
Epitope spreading or the appearance of a new antibody or 
the T cell response to different epitopes on the same or on 



another antigen has been demonstrated in experimental 
models and human diseases. In SLE, authors demonstrated 
intermolecular spreading from Sm antigen to RNP reactiv- 
ity, and in pre-clinical diabetes and in RA studies, intra- and 
intermolecular spreading has been observed [3]. In this 
context, infections could play an important role either 
through release of sequestered antigens after tissue damage 
or upregulation of the display of cryptic epitopes under the 
inflammatory conditions. Bystander activation is another 
proposed mechanism in which, under the immune milieu 
where priming of microbial antigen-specific T cell is taking 
place, potentially self-reactive T cells are activated. Priming 
of reactive T cells may occur through an additional 
mechanism. Infectious agents through tissue injury may 
cause the release of self antigens, which are processed and 
presented by antigen-presenting cells, leading to priming of 
self-reactive T cells. Also, superantigenic T cell activation 
by viral and bacterial products, which can cross-link the T 
cell receptor and MHC molecule independent of specific 
antigen recognition, may favor the induction of an 
autoimmune disease. 

It is well known that viral infections commonly produce 
transient autoimmune responses (usually directed against 
blood cells), transient elevation in autoantibodies titers, and 
arthritis (Parvo B19, rubella). For the vast majority of 
patients, symptoms and antibody titers decline. Even in 
cases where the role of microorganisms is well defined, like 
in rheumatic fever and Streptococcus pneumoniae groups 
A, only about 1 .2% of infected children actually develop 
rheumatic fever. Therefore, rather than focusing on the 
presence or absence of a microorganism in the context of an 
autoimmune disease, it is the complex immunopathological 
interaction between the organism and microorganisms, 
which is the most important factor for the development of 
an acute infection, for the restoration of health or for the 
development of a chronic state or an autoimmune disease. 
This interaction relies in a multitude of factors that include 
genetic, epigenetic, behavioral, and symbolic factors, as 
discussed in a recent published book [150]. 

Caution should be applied in the leap from experimental 
models of autoimmune disease induced by infections to 
clinical disease, as in the experimental models, illness 
occurs only in particular circumstances such as in suscep- 
tible strains, under particular environmental conditions, and 
with the usage of adjuvant molecules. Furthermore, the 
widespread genetic manipulation of animals and molecules 
are commonplace in these models. With the help of 
experimental models, eventually, genetic determinants and 
pathways are revealed, but often, other determinants remain 
unclear. It should be acknowledged that diabetes in NOD 
mice occurs in 90% of females maintained in specific 
pathogen-free environment and that it decreases to less than 
5% in more conventional (dirtier) environments [41]. 



Clinic Rev Allerg Immunol (2008) 34:283-299 



295 



Regarding protection from autoimmune diseases by 
infections, it seems that the 'old friends,' i.e., helminthes, 
lactobacilli, bifidobacteria, and saprophytic bacteria from 
the resident flora, are associated with the inhibition of 
autoimmune diseases, both in experimental and clinical 
setting. At present, clinical trials are being conducted with 
these microorganisms. 

The amount of data accumulated regarding infections 
and autoimmune diseases is vast and expanding. Maybe 
what is needed now is a clearer definition of an immuno- 
logical physiology and, then, its pathological deviations. 
For that, we need a new conceptual framework with 
different approaches and tools that can already be seen in 
many areas of biology, collectively named 'system's 
biology' Hence, we might reach a clearer understanding 
of the healthy organism, and its pathological deviations, 
like infections and autoimmune diseases. Specially, be- 
cause, today, the concept of 'super-organism' arises from 
the deeper layers of biology, the fact that we are composed 
of bacteria and retroviruses, as evidenced from our genome 
and microbiome analysis, revealing that host and micro- 
organisms are yoked into a chimera of sorts [151]. 
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